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ANALYSIS OF NATURAL GAS AND ILLUMINATING GAS BY FRACTIONAL 
DISTILLATION AT LOW TEMPERATURES AND PRESSURES, 


By G. A. Burret, F. M. Sersert, and I. W. Rosertson. 


INTRODUCTION. 


This publication, which is one of a series dealing with the increase 
of efficiency in the production and utilization of fuels, describes in 
detail the results of experiments, made by the Bureau of Mines, 
with a method of separating and determining the hydrocarbons in 
gaseous fuels. The method employs fractional distillation in a 
vacuum at low temperatures. The gas is liquefied, the different 
constituents separated by proper adjustment of temperatures, the 
various fractions removed with a mercury pump, and these frac- 
tions analyzed by ordinary slow-combustion methods. The method 
was successfully applied to the separation of hydrocarbons in natural 
gas and in artificial illuminating gas, and is the only known method 
applicable to the separation of some hydrocarbons. 

The first part of this report describes the results of experiments 
by which the natural gas used in Pittsburgh, Pa., was separated into 
its individual paraffin hydrocarbons. The sacar part describes ex- 
periments in which the separation of the illuminants in artificial 
illuminating gas, that used in Pittsburgh, Pa., and that used in New 
York City, was effected. Some experiments to determine the prac- 
ticability of separating gases whose boiling points lie close together, 
such as ethane and ethylene, are included. 

Each year much experimental work is done in the destructive dis- 
tillation of different fuels, liquid, gaseous, and solid, which yield 
complex mixtures of different hydrocarbon gases. In reports on 
these tests some of the gases are not separated, but are invariably 
lumped together as illuminants (determined by absorption in fuming 
sulphuric acid, or bromine water) or calculated in the combustion 
analysis as methane and ethane. By the methods described in this 
publication the gases can be separated into the individual constitu- 
ents. Hence a wide field of investigation is opened up, in that a 
much more exact study of combustion processes can be made and 
chemical changes more closely followed and better understood. 
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6 ANALYSIS OF NATURAL AND ILLUMINATING GAS, 


PREVIOUS WORK ON THE FRACTIONAL DISTILLATION OF GASES. 


The most notable work on the separation of gases by fractional 
distillation is that of Ramsey on the gases of the atmosphere. A 
detailed account of these experiments is given by Travers,? one of 
Ramsey’s coworkers. 

To start the experiments, 15 liters of argon and other rare gases 
were prepared from atmospheric air by absorbing the nitrogen with 
magnesium and the oxygen with metallic copper. After the argon 
and other constitutents had been liquefied by means of liquid air 
boiling under reduced pressure, the lower-boiling constituents of the 
liquefied argon, etc., were drawn off as a fraction rich in neon and 
containing helium. By many fractionations there was finally ob- 
tained a fraction that was almost pure neon. The separation of 
neon from helium and argon was finally accomplished by cooling the 
two gases with liquid hydrogen. 

The first fraction contained much helium, the second fraction was 
collected separately, and the third fraction was collected after the 
removal of the liquid hydrogen. The second fraction, which should 
consist of neon chiefly, was then recondensed, and a small quantity of 
it evaporated back into the pump. The remainder of this second 
fraction was considered to be pure neon, the last traces having been 
discarded as probably containing traces of argon. + 

For the separation of krypton and zenon a much larger quantity of 
the inactive gases of the atmosphere was taken than in the case of 
neon and helium. After about 40 fractionations krypton and zenon 
were obtained in what was considered a pure condition. 

Travis makes reference to the liquefaction of other gases; for in- 
stance, to the separation of ethylene from carbon monoxide.’ In 
this case the mixed gases are slowly passed through a glass vessel sur- 
rounded with liquid air. At this temperature ethylene solidifies, and 
the rate of flow is made slow enough, so that practically the whole of 
the ethylene condenses while the carbon monoxide passes on through 
to a collecting chamber. To obtain pure ethylene the carbon mon- 
oxide, contaminated perhaps with traces of ethylene, can be again 
returned through the vessel which is surrounded by liquid air. 

Although Ramsey and Travers showed that gas mixtures could be 
studied by fractionation, their work was confined chiefly to the rare 
gases of the atmosphere and to the preparation of pure gases. 

In 1910 Stoltzenberg® and Erdman and Stoltzenberg4 constructed 
an apparatus after the principle of the one described by Travers.  Dif- 

b Travers, M. W., Op. cit., p. 211. 

¢ Stoltzenberg, H., Apparat zur Gasanalyse durch Kondensation: Ber. Deut. chem. Gesell., Jahrg. 42, 

Bd. 2, 1910, p. 1708. 


¢ Erdman, E.,and Stoltzenberg, H., Gasanalyse durch Kondensation: Ber, Deut. Chem. Gesell., Jahrg. 
42, Bd. 2, 1yl0, p. 1702. 
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ferent gas mixtures, for instance ethylene and hydrogen, ethylene 
and oxygen, carbon dioxide and oxygen, and nitrogen peroxide and 
oxygen, were passed through baths maintained at such a temperature 
that one of the constituents condensed while the other was collected 
in a burette provided to receive it. Nothing novel, however, was 
offered over the scheme proposed by Ramsey, except the application 
of the method to other mixtures than those mentioned by him. An 
apparatus of different construction is also shown. 

Later Lebeau and Damiens¢ worked on the problem of separating 
gases by fractional distillation. Their method is similar to that used 
by Ramsey and Travers in separating argon, neon, and helium, namely, 
maintaining the gas mixture at a temperature that renders the vapor 
’ pressures of one or more constituents inappreciable and withdrawing 
those constituents that have appreciable vapor pressures. 

Lebeau and Damiens separated the different gases they used in 
pairs and made no mention of the need of refractionating the first 
fractions in order to obtain pure constituents, but credit is due them 
for being the first to denote the temperatures at which pairs of the 
paraffin and olefine hydrocarbons can be separated. 

The credit for fractionating gases so as to obtain single constituents 
in the pure condition must go back to the work of Ramsey and 
Travers. The authors of this paper followed essentially the same 
scheme as that used by Ramsey and Travers in separating neon from 
helium, although different temperatures and in some cases different 
methods of manipulation were necessary. 


PREPARATION OF PURE GASES. 


Gases may be prepared in a pure state by repeated fractionation. 
For instance, ethylene prepared by the action of sulphuric acid on 
ethyl alcohol may be freed from hydrogen and carbon monoxide and 
air (if the air has leaked into the generator or connections) by with- 
drawing with a vacuum pump the three latter gases from the mixture 
at the temperature of liquid air. Water vapor and alcohol yapor 
may be frozen out at a temperature of about —78° C., a convenient 
temperature to obtain. Carbon dioxide is best removed by first 
washing it out with caustic-potash solution. 

This method of preparing pure gases hes many advantages over 
other methods where impurities are washed out of impure gases by 
means of absorbents. The authors have purified methane, ethane, 
ethylene, propane, butane, butylene, carbon dioxide, and acetylene by 
the process. In fact, there are scarcely any gases that can not by care- 
fully adjusting and using the proper temperature be purified so that 
they are pure enough for the finest density or vapor-pressure work. 


@ Lebeau, P., and Damiens, A., Sur une méthode d’analyse des n¢élanges complexes d'hydrogéne et 
d’hydrocarbures saturés gazeux: Compt. rend., t. 156, 1913, p. 325. 
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8 ANALYSIS OF NATURAL AND- ILLUMINATING GAS. 
SEPARATION OF THE CONSTITUENTS OF NATURAL GAS. 


In the following pages are described some experiments that resulted 
in the separation of samples of natural gas into the individual 
paraffin hydrocarbons present. 

Natural gas may contain only methane as the combustible con- 
stituent or it may be a mixture containing large proportions of the 
higher gaseous paraffins. Insome samples the latter predominate. In 
addition, there may be vapors of the liquid paraffin hydrocarbons 
present, and in some fields the proportion of these vapors may be 
large enough to warrant the building of a plant for the extraction of 
gasoline. 

The natural gas used in Pittsburgh is a complex mixture and is. 
typical of gas that is supplied to many cities to the extent of billions 
of cubic feet each year. The exact composition of this gas is of 
importance to the Bureau of Mines because of its use in the bureau’s 
scientific investigations, such as the testing of explosives, safety 
lamps, electrical mming machinery, and other mining appliances. 
By the analytical method described herein it is possible to determine 
more exactly the quantity of the vapors of the liquid paraffins in a 
natural-gas mixture than has been possible heretofore. At many 
plants gas that contains enough of these vapors is compressed and 
cooled and the condensate is sold as gasoline. 

It is generally known that ordinary gas analyses by combustion 
give little indication regarding the individual hydrocarbons present 
in a natural-gas mixture. Only the two predominating paraffins 
are shown. 

NATURE OF EXPERIMENTS. 


In the experiments reported in this paper natural gas was first 
liquefied by means of liquid air, and the different paraffin hydrocarbons 
were separated by properly adjusting temperatures and removing 
the various fractions with a mercury pump. The fractions were 
analyzed by the ordinary slow-combustion method. A separation of 
the gaseous paraffin hydrocarbons is possible because in the liquid 
condition the boiling points, at 760 mm., of the gaseous paraffins are 
rather widely separated. These boiling points are as follows: 
Methane, —160° C.; ethane, —93° C.; propane, — 45° C.; N—butane, 
+1°C., and isobutane, —10° C. The two butanes were not sepa- 
rated. In order to obtain fractions large enough for accurate analyses 
the experiment given herein was started with about 14 liters (1,531 
ec. c.) of gas. Other experiments were performed with various 
samples of natural gas in which smaller quantities were used. The 
sample of Pittsburgh natural gas as analyzed by the ordinary slow- 
combustion method contained the following constituents: 
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There is also about 0.03 per cent of carbon dioxide in the gas 
mixture. Carbon monoxide, hydrogen, and olefin hydrocarbons are 
not present. 

PROCEDURE IN EXPERIMENTS. 


The general arrangement of the apparatus used in the analyses 
is shown in figure 1. A Tépler pump is shown on the left of the 
figure. In the figure a represents a Dewar flask to hold the refriger- 
ant used in cooling the gases; } is the glass liquifying bulb in which 
the gases are cooled; these are the essential parts of the apparatus; 
d is a gas analysis burette and ¢ another gas container for measuring 
the gases prior to cooling (many of the different types of gas meas- 
uring burettes on the market may be used for measuring the gases), 
e is a mercury manometer for registering pressures in the Tépler 
pump; fis a drying tube containing phosphorus pentoxide for remov- 
ing the water vapor from the gases; g and h/ are containers for trap- 
ping the gases over mercury as they are removed from the pump; 
container A is provided with a three-way stopcock. The particular 
advantage of a container such as is shown at h lies in the fact that 
while the stopcock is open to the air, it can be filled with mercury by 
forcing it down into the mercury which finally fills the capillary tubes 
on the stopcock. The gas from the pump can then be introduced 
into the container by means of the gooseneck tube attached to the 
tube J,so that a mercury seal is left in the capillary tube all the time. 
At 7 is shown a pressure gage, which was of use in the determination 
of benzene in illuminating gas, described in the second part of this 
report. At o, n, and m are three-way stopcocks. A counterpoise, 
p, attached to the mercury reservoir 7 of the Tépler pump greatly 
facilitated the working of the pump. 

The gas sample prior to liquefaction was measured in the glass 
vessel c, then transferred to the gas burette d, and from there passed 
into the liquefying bulb 0. 


SEPARATiON OF METHANE. 


The entire sample was first completely liquefied at the temperature 
of liquid air. Connection was made between the container of the 
liquefied gas and the mercury pump, and as much as possible of the 
gas was removed by means of the pump. This process divided the 
original quantity into two parts—a gaseous part and a liquid residue. 

That is, the vapor pressure of liquid ethane (normal boiling point 
—93° C.) is so small at the temperature of liquid air that no ethane 

95821°—15——2 
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could be detected in the distillate within the error allowable in making 
the analysis. The same is true of propane and butane. If use was 
made of liquid air that had stood for some time so that its boiling 
point had risen to a point near to the boiling point of oxygen 


Figure 1,—Apparatus for liquefaction and fractionation of gases. 


(—183°C.), the methane and nitrogen were removed from the original 
mixture more quickly than when newly made liquid air was used. 
Such a result was to be expected. The residuc from the first frac- 
tionation was allowed to volatilize, was then measured, and was 
again liquefied at the temperature of liquid air. Connection was 
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again made to the pump and more methane removed. Thus, al- 
though the residue from the first fractionation was treated in exactly 
the same manner as was the original sample, more methane was 
obtained. However, when the entire residue had been volatilized and 
again liquefied, the last methane part was obtained. In no test were 
the last traces recovered. Attempts at complete recovery were 
abandoned when it was found that a proportion was being left so 
small as not sensibly to affect the results. 

At this point the first fractionation had removed the larger part 
of the methane, and the first residue had been volatilized, reliquefied, 
and the pump connected to obtain another small portion of methane. 
The residue from the second liquefaction was treated again in the 
same manner and more methane was obtained. A further identical 
treatment resulted in no additional recovery of methane. No indi- 
cation of methane, within the error allowable in making the analysis, 
was found in the part that contained the ethane, propane, and higher 
paraffins. 

The distillate obtained by the above procedure undoubtedly con- 
tained a trace of ethane, but the quantity was so small that it could 
not be detected by analysis. The results of analysis of a part of the 
total methane and nitrogen fraction follow: 


Results of analyses of a part of a total methane and nitrogen fraction. 


Item. | Analysis 1. | Analysis 2. 
Cc. Cnty 
Volume of Satnple taken 26ccc35s 005 snes ce ceus csc eeas sipteasecpegteaiesesss | j 30. 20 
Volume of oxygen added...........-.....-.2...25- -.| fi 99. 30 
Total volume for combustion...........-..--..-.+- be 5. 129, 50 
Volume after combustion...... 70.10 
Contraction from combustion.......... 59. 40 


Volume after carbon dioxide absorption 
Carbon dioxide from combustion....... Hew H 
Methane from contraction@,............-....-.... Baie i 29. 64 


Methane from carbon dioxide absorption 2 29. 67 
Per cent 
Methane from contractlons...s2s.écc.sec es chhaseiectelsiwud sis cnateseenad dl 97.8 98.2 
Methane from carbon dioxide absorption ............0..-202.2020s eee eee eeee 2 98. 2 
Average Methane sco. sess sc.. sewes alse bcs Ge Gsate sede leans cae ee Pose ates cee | 8. 98.2 


a Corrected for the molecular volume of COg. 
SEPARATION OF ETHANE. 


The next step in the process involved the separation of the ethane 
from the methane-free residue. In this step it was necessary to 
employ a temperature at which practically all of the ethane could be 
separated from the still higher paraffins, such as propane and the 
butanes. The temperature used could not have been too low, else 
the ethane itself could not have been removed; neither could the 
temperature have been so high as to cause all the propane to be 
removed. A natural-gas condensate, obtained from a plant for 
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making gasoline from natural gas by subjecting natural gas (casing- 
head gas) from an oil well to a pressure of 250 pounds per square 
inch and then cooling it to ordinary temperatures, proved excellent, 
when cooled by liquid air, for obtaining temperatures higher than 
the temperature of liquid air. This condensate is known in the trade 
as ‘‘wild’”’ gasoline. It contains large quantities of liquid propane 
and of butane (especially the latter), as well as some of the constitu- 
ents of ordinary gasoline, such as pentane and hexane. Other sub- 
stances that were tried for obtaining low temperatures, such as 
alcohol, ether, methyl, and ethyl chloride, jellied so much at low 
temperatures that they could not be used satisfactorily. The mass 
did not remain of uniform temperature from top to bottom, and 
stiffened so much at low temperatures that it could not be stirred. 

In order to obtain a temperature of —140° C., for instance, the 
condensate was placed in a Dewar flask and stirred with a test tube, 
in which liquid air was run, until the condensate had reached the 
desired temperature. Upon removal of the test tube the condensate 
warmed up slowly, about 5° to 10° C. per hour, thereby afford- 
ing sufficient time for withdrawing from the gas samples in the 
liquefaction bulb the particular vapors that were sought. In sepa- 
rating ethane from the methane-free residue, this residue was first 
cooled to a temperature of —140° C., then pumping was started and 
continued until the temperature had risen to —125° C. By this 
process there was obtained a distillate consisting of ethane and pro- 
pane. In other words, some propane (boiling point —45° C.) was 
removed at —125° C., as well as the ethane (boiling point — 93° C.). 
Residues and distillates were again treated, the final separa- 
tion of the ethane being made at a temperature of —155° to 
—140° C. The temperature was purposely raised to —125°C., the 
first time in order that practically all of the ethane as well as some 
propane might be obtained, because it was found easier to separate 
the ethane from that part of the propane that came over than to 
attempt to remove all of the ethane from the original residue. All 
the ethane was obtained, only a small quantity of propane being left 
as a residue. The results of analyses of a part of the total ethane 
fraction follow: 


Results of analyses of a part of a total ethane fraction. 


Item. Anulysis 1. | Analysis 2 
Cre 
Volume of sample taken 20,39 
Volume of oxygen added... 93.10 
Total volume for combustior 119. 70 
Volume after combustion. ...... 64.20 
Contraction fromicombustion. =< 256 cap sswecsecer scart Sectecipncdedecawes 50.0 
Volume after carbon dioxide absorption. 2.0.0.2... cece eee cee nen eeenes 28.70 
Carbon dioxide from Gombustion. 22.0 ..26.50 0. a.s eld ee tee aba Daeeeeees 40. 5) 
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According to the equation C,H,+3.50,=2CO,+3H,0, the con- 
traction should be equal to the CO, multiplied by 1.25. In analysis 
1 the contraction corresponding to the CO, content was 51.1 c. ¢., 
which, multiplied by 1.25, equals 63.87 c. c. This figure corres- 
ponds well with the contraction actually observed, which was 63.80 
c.c. In analysis 2 the contraction corresponding to the CO, content 
was 40.50 c. c., which, multiplied by 1.25, equals 50.62. The con- 
traction actually observed was 50.50 c. c. In calculating the ethane 
content from the carbon dioxide content and the contraction, use 
was made of equations that correct for the deviations of carbon 
dioxide and ethane contents from the ideal conditions,® the calcula- 
tions being as follows: 


CALCULATION FOR ETHANE FoR ANALYsIS 1. 


0.990C,H,+3.50,=1.992CO,+311,0. 
Volume of ethane=0.396 X contraction =0.396 X 63.80=25.26. 
Volume of ethane=0.497 X CO,=0.497 X51.10=25.39 c. ¢. 


CALULATION FOR ETHANE FOR ANALYSIS 2. 


0.990C,H,+3.50,=1.994CO,+311,0. 
Volume of ethane=0.397 X contraction=0.397 X 50.50=20.05. 
Volume of ethane=0.496 X CO,=0.496 X 40.50=20.09 c. c. 


SEPARATION OF PROPANE AND HIGHER PARAFFINS. 


As indicated above, the final residue from the second series of 
fractionations contained propane and higher paraffins. 

The methane and ethane free residue was liquefied and the gas 
pumped off at an initial temperature of — 125° and a final one of — 110° 
C., the object being to remove practically all of the propane (boiling 
point —45°) and also some of the butanes (boiling points +1° C. 
and —10° C.). The residue from this operation was again treated 
in the same manner to obtain any propane that still remained behind. 
It was found that if a temperature was used that would permit the 
distillation of an appreciable quantity -of butane, practically all of 
the propane would come over. The total distillate obtained in this 
manner was then liquefied and the gas pumped off at a temperature 
ranging from —135° to —120° C. There resulted a distillate that 
consisted of propane only. In other words, propane can be sepa- 
rated from the butane at a temperature of —135° to —120° C. 

The results of analyses of parts of the total propane fraction 


follow: 
Results of analyses of a part of a total propane fraction. 


Item. | Analysis 1. | Analysis 2. 
| | 
» Cre. | Coe. 
Volume of Sample taken oo).0cc5--s oo 5 osc s nee donee sbsacesseea sa seesges ouense 12.60 13.30 
Volume of oxygen added... -| 93.80 97.20 
Total volume for combustion ei 106.40 110. 50 
Volume:aftéer'combustion s. 02 so< 2522 sees eae gedtaeceeh cae sad eses's ts sdaocs | 67.60 70. 00 
Contrantion from combustion. 2, .6222.252 264.552 0502250 clea nee teases cde deie 38. 80 40.50 
Volume after carbon dioxide absorption. oie pace 5 28.50 29.70 
Carbon dioxide from combustion.............--2----2222e eee eee eee ee eee eee ee | 39.10 40.30 


See Burrell, G. A., and Seibert, F. M., Errors in gas analysis due to assuming that the molecular 
volumes of all gases are alike: Technical laper 54, Bureau of Mines, 1913, p. 11. 
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According to the equation C,H, +50, =8CO,+4H,0, the contrac- 
tion minus the CO, equals 0.0. In analysis 1, 38.8 c. c.—39.1 ¢. ¢. 
=-—0.3 ¢. ¢., and in analysis 2, 40.5 c. ¢.—40.3 ¢. c.=0.2 ¢. ¢. 
The propane content was calculated from the following corrected 
equation: 

0.986C,H,+50,=2.991C0,+4H,0. 

Then according to analysis 1 the propane content when calculated 
from the contraction is 0.329 x 38.80 =12.76 ¢. c., and when calcu- 
lated from the CO, absorption is 0.329 x 39.10 = 12.86 ¢. c. 

According to analysis 2 the propane when calculated from the 
contraction is 0.329 x 40.5 = 13.32 ¢.c., and when calculated from the 
CO, absorption is 0.329 x 40.3 = 13.26 ¢. ¢. 

In the case of both analyses the volume of propane as calculated 
from the CO, absorption and the contraction agree closely. 

The value 0.986, or the molecular volume of propane at 0° C. and 
760 mm. of mercury was calculated from Van der Waals’s equation, 
in which the ratio between the pressure P, the volume V, and the 
temperature 7 of a gas is expressed thus: 


(PHA V—))=RT 
Further, if d=density at 0° C. and 760 mm. pressure and Jf the 
molecular weight, the following equation is derived: 
M 
= (14a) (1—b)=R 
0 
Lebeau hg for a the value 0. OLer and for b the value 0.003770, 
c M 22.412 22.116 
yhic = 22.116, anc =().986. 
from which | = 10133 6, and 35 4)9 

This ane so far as the authors are aware, has never been deter- 
mined experimentally as have the molecular volumes of oxygen, 
methane, ethane, and carbon dioxide. 

The same procedure was followed for the propane separation as 
for the ethane and the methane separations. Distillates and residues 
were liquefied and the gases pumped off until no appreciable quantity 
of propane could be obtained. 

The results of analysis of a part of the final residue follow. The 
residue should consist of butane only, provided no vapors of the 
liquid paraffins were present. 


Results of analysis of a part of a total butane fraction, 


Item. C.e. 
Volume dfisam plo taka seen dy pendan ais coe d.c de aqinskaia pyr sncyecs 9. 30 
Volume of oxygen ition on Nita iGKekoarees case LOO 
Total: voliime for com btistion’= << sacs ca ihecic codes ho dea, Gaeasuass 109, 30 
Volume iter Combustion. ossés.2024 26590. sree 566s oieU dees 76. 30 
Contraction from combustion. whiten be tonal onl s ih van cuvecuaoe 33. 00 
Volume after carbon dioxide absorption, Savers gekey satan sHe 39. 30 
Carbon dioxide from combustion. ..............2...22222..-00% 37. 00 


@ Landolt and Borstein, Physikalisch-chemische Tabellen, 1912, p. 445 (by Lebeau). 
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According to the equation C,H,,+50,=4CO,+5H,O, the con- 
traction multiplied by 1.14 equals the CO, content. The contrac- 
tion of 33.0 c. c., shown by the above analysis, multiplied by 1.14 
equals 37.62 c. ¢., which, less 37.00 ¢. c., equals 0.62 ¢. c. difference. 

The above analysis was calculated to butane only, and the fraction 
appears to have been almost entirely that gas, but undoubtedly a 
small proportion of the vapors of the liquid paraffins were contained 
in the mixture. 


INDICATIONS AFFORDED BY VAPOR PRESSURES. 


Vapor pressures obtained by means of a manometer attached to 
the pump furnished evidence as to when a separation had been 
accomplished. For instance, at the temperature of liquid air that 
has stood exposed to the air for some time the vapor pressure of the 
hydrocarbon mixture was 63 mm. Approximately that pressure 
persisted throughout the pumping until near the end, when it sud- 
denly dropped to 0.0 mm. Then the pumping was stopped and the 
residue allowed to volatilize, when it was again liquefied and the 
pumping continued until no more distillate was obtained. Three 
liquefactions of the residues were usually necessary to remove all 
the methane. 

When the methane-free and nitrogen-free residue was liquefied for 
the removal of the ethane, the vapor pressure of the mixture was 
about 2 mm. at —155° C. and about 4 mm. at —145° C. When 
nearly all the ethane had been removed, the pressure dropped sud- 
denly to 0.0 mm. The residue was then again liquefied and treated 
in the same manner until all the ethane had been removed. Three 
successive treatments of the residue were usually sufficient. 

After the removal of the nitrogen, methane, and ethane from the 
mixture had been accomplished it became necessary to separate the 
propane from the butane, etc. The separation was finally made at 
—130° to —120° C. The vapor pressure at —130° C. was about 
0.6 mm. and about 1 mm. at —125° C. The pressure dropped 
suddenly to 0.0 mm. after nearly all the propane had been removed. 
The residues were then treated as previously described until all the 
propane had been removed. The final residue consisted of the 
butane and any vapors of the liquid hydrocarbons that were present. 

The various steps in the separation of the natural gas into its con- 
stituents by means of fractional distillation at low temperatures are 
shown in figure 2. The original volume of the sample was 1,531.0 ¢. ¢. 
The sample was first liquefied at the temperature of liquid air, and a 
distillate of 1,311.3 ¢. c. was obtained with the mercury pump; a 
residue of 219.7 c. c. was left behind. Both the residue and the 
distillate were again treated at the temperature of liquid air. From 
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Original volume, 


1,431 e.¢c. By Cubie 
Liquefied at —185° C.; , Constituent. | centi- | Per cent. 
pit 63 mm, meters. 
i 
| | 
Distillate, Residue, Nitrogen... 23.8 1.6 
1,311.8 c.¢. “i 219.7 ¢.¢. Methane...| 1,297.4 S.7 
Fractionated Fractionated Ethane....} (144.5 04 
at —18°C, at —185°C.: Propane. . . 46.1 3.0 
| pressure, 2mm, Butane 
| | (chiefly) .| 19.2 1.3 
Distillate, Residue, { 1 Se eee Pee | 
1,311.3 c. ¢. 0. 0c. ¢. Distillate, Residue, Total. ...) 1,531.0 100.0 
9.9 c. c. 200.8 ¢. ¢. 
| i] Fractionated 
j at —185°C.; 
1,321.2 c. ¢. (total pressure, 
methane and 2mm. 
nitrogen). | 
| | 
Residue, Distillate, 
200.8 ¢. ¢. 0.0 ¢.c, 
Fractionated at 
—140° to —125°C,; 
at —140° C., pres- 
sure=3 mm, 
j ! 
Distillate, 133.3 ¢, e. Residue, 
Fractionated at 76.5 €. C. 
—150° to —135° C,; 
at —150° C., pres- 
sure=3 mm, 
Distillate, Resldiae, 
124.7 ¢, Cc. 8.6¢. c. 
[ee es 
my! 
8.1e.¢. 
ractionated at 
—138° to —130° C.; 
at —138° C., pres- 
sure=6 mm. 
I 
bait | 
Distillate, Residue, 50.3 ¢. ¢ 
34.8 ce, Fractionated at 
| —130° to —115° C.; 
| pressure at —115° C,=1 mm.,; 
159.5 ¢. ¢. pressure at —130° C,=0.5 mm. 
Fractionated at 
—155° to —135° C.; | 
at —155° C., pres- Distillate, 21.2 ¢. ¢. Residue, 29.1 ¢. ec. 
sure=4 mm, Fractionated at Fractionated at 
—130° to —120° C.; —130° to —110° C, 
at —130° C., pres- | 
Distillate 147 ¢. ¢. Residue, sure=0.1 mm. | 
Fraetionated at 12.5 ¢. ¢. Distillate, Residue, 
—155° to —140° C,; | | 14.2¢.¢, 14.9 ¢. c. 
at —140° C., pres- Distillate, Residue, 
sure =4 mm, 20.2 ¢. c. bhc.-¢; 
| 
J | 
Distillate, Residue, 15:2 ¢. ¢: 
144.5 ¢. c, 2.5 @..e, Fractionated at 
(total —135° to —120° C.; 
ethane). at —135° C., pressure 


| 
46.10. ¢. 
(total propane). 


Ficure 2.—Diagram showing various steps in the separation 


Distillate, 
10.9 ¢. e. 


less than 0.1 mm, 
| 


Residue, 
4.3¢. Cc. 
| 


| 
19.2.¢, ¢. 
(total butane), 


of the constituents of natural gas by means 


of fractional distillation at low temperatures, 


owns Google 


ICETON UNIV 


SEPARATION OF THE CONSTITUENTS OF NATURAL GAS, 17 


the residue was obtained 9.9 c. c. more of methane, but no residue 
remained behind upon treating the distillate of 1,311.3 c. c. The 
sum of 9.9 c. c. and 1,311.3 c. c. represented practically all of the 
methane and the nitrogen in the natural-gas sample. The distillate 
from the reliquefaction of the residue contained no methane, as shown 
by a further treatment at the temperature of liquid air. 

After the methane had been separated there remained a residue, 
which, on evaporation, gave a volume of 209.8 c. c., and consisted of 
ethane and higher paraffin hydrocarbons. The residue was liquefied 
at temperatures ranging from —140° to —125° C., and as much gas 
as possible was removed with the pump. Ethane and some propane 
(133.3 c. ¢.) were obtained; a residue of 76.5 ¢. c. remained. The 
distillate was then cooled to temperatures ranging from —150° to 
—135° C.; a distillate of 124.7 c. c. and a residue of 8.6 c. c. were 
obtained. The 8.6 c. c. residue was added to the 76.5 ¢. c. residue 
and the total, 85.1 ¢. ¢., cooled to —138° to —130° C. and pumped. 
The distillate of 34.8 c.c. was added to the 124.7 c. c. distillate 
previously obtained, and the total was cooled at a temperature 
that did not rise above —135°C. There was obtained a distillate of 
147.0 c. c. and a residue of 12.5¢.c. The 147 c. c. of distillate 
was then cooled and the gas removed while the temperature of the 
distillate was not higher than —140° C. The distillate (144.5 ¢. ¢.) 
was pure ethane. The residue (2.5 c. ¢.) from the last treatment was 
added to the rest of the methane-free and ethane-free gas for the 
propane treatment. The separation of the propane and the butane 
was carried on in a manner similar to that in which the methane and 
ethane separations were performed, except that higher temperatures 
were used. 


DETERMINATION OF THE PARAFFIN HYDROCARBONS IN A SO- 
CALLED “WET” GAS. 


In separating the paraffin hydrocarbons in a natural gas from 
which gasoline is extracted at a plant in West Virginia, the authors 
used a procedure essentially the same as that described above for 
the fractionation of the natural gas of Pittsburgh. The marked dif- 
erences in the proportions of the different hydrocarbons present is of 
interest. 

FIRST SERIES OF FRACTIONATIONS. 


Figure 3 shows the various steps in the work. The original volume 
of the sample was 185.3 c. c. At a temperature of —193° C. 78.5 
c. c. of gas was withdrawn; the residue, on evaporation, gave 106.8 
c.c. of gas. Both the residue and the distillate were reliquefied at 
the temperature of liquid air, to obtain, as shown by analyses, pure 
"—-95821°—15—3 
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methane, mixed with air and nitrogen. This distillate amounted to 
83.5 c.c. Air was originally present in the sample owing to leaks in 
the gas pipes at the gasoline plant. The gas was drawn from the 


Original volume 
185.3 ¢, C. 
Liquefied at —193° C, 
| 


| | 
Distillate Residue 


T5e.¢e. 1M).Sc.e. 
Fractionated at —195° C. Fractionated at —195° C. 
| Ve eee 
] fel | | 
0.6 c. e. Distillate Distillate Residue 
77.9.C. Cc. 5.6.¢. ¢, 101 2c.¢. 


| | Fractionated —155° to —132° C. 


| 
83.5. ¢. 


| 
Total methane, air, Residue Distillate 
and nitrogen. W.70.¢ se 51.5 ¢. ¢c. 


Fractionated at —150° to —130° C. 


| 
Residue Distillate 
44.806, ¢, 4a.9cce. 
| 


56.4 ¢. ¢. 
Fractionated at me to —140°C, 


| 
Residue Distillate 
4.5. ¢. 51.9 c. c, 


49.3 e.¢. 
Fractionated at ‘ges to —110°C, 


| | 
Residue Distillate 
17.0¢. c. 32.3 c. 
Fractionated at —135° to —115° C. 
cee aa ae 
! | 
Residue Distillate 


} 
15.0 ¢. ¢ 2.0 ¢.¢, | 
| 


34.3 .¢. c. 
Fractionated at —135° to —120° C, 
| 


| | 
Residue Distillate 
2.0 ce. ¢, 32.3 ¢, ¢, 
| 


17.0. ¢. 
Fractionated at —130° to —120°C. 
| 


Hl I 
Residue Distillate 
15.2 ¢. ¢, 1.5 c¢. c. 
Fractionated at —110° to —95° C | 


| 
| 34.1 ¢.¢. 


Distillate Residue (Total propane) 
9.3:¢..¢. 5.9 ¢. ¢. 
(Butane) (Butane+ pentane, ete.) 


| 
52.5 ¢. ¢, 
(Total ethane) 


FiGuRE 3.—Diagram showing various steps in the separation of the paraffin hydrocarbons present in a 
natural gas from which gasoline is extracted. 
wells under a pressure of about 500 m. m. of mercury. The final 


analysis was calculated air free as given on page 19 to show the con- 
stituents originally present in the gas. 
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SECOND SERIES OF FRACTIONATIONS. 


After the removal of the methane the residue, 101.2 ¢. c., contained 
ethane and higher paraffin hydrocarbons. The residue was liquefied 
and distilled, and the resulting distillate and residue liquefied and 
distilled until finally, at a temperature that ranged from — 155° to 
—140°C., the distillate obtained, 51.9 ¢. ¢., was pure ethane. To this 
was added 0.6 c. c. of ethane obtained in the first series of fractiona- 
tions, when the methane was separated, making a total of 52.5 ¢. ¢. 
of ethane. 

THIRD SERIES OF FRACTIONATIONS. 


After the removal of the ethane the total residue amounted to 
49.3 c. c. of propane and higher paraffin hydrocarbons. The final 
fractionation in this series was made at a temperature not higher 
than —120° C., and yielded 34.1 c. c. of pure propane. The frac- 
tionations were ‘carried to a point where only a amiall quantity (1.8 
c. ¢.) of propane was obtained. 


FOURTH SERIES OF FRACTIONATIONS. 


After the removal of the propane there remained a residue of 15.2 
c.c. that contained butane and higher paraffin hydrocarbons. 

A separation of this residue into two parts was made by removing 
some gas with the pump when the temperature was not higher than 
—95° C. An analysis of the distillate indicated that the chief con- 
stituent was butane. Itis certain that some of the butane remained 
in the residue and that the distillate of 9.3 c. c. contained at least 
a small quantity of pentane; hence it is better to designate the 
15.2-c. c. residue as butane and higher paraffin hydrocarbons. 

Air is not found in natural gas as it occurs in the wells, and should 
be eliminated from consideration. There is, however, about 1 per 
cent of nitrogen present and about 0.03 per cent of carbon dioxide, 
which are not shown in the results as presented. 


Results of fractionation analyses of a ‘‘ wet’’ natural gas. 


| Proportion 
Constituent, Volume. OT Air-free 
| | as received. | Proportion, 
Ces. | Per cent. Per cent. 
Air and nitrogen. 24.5 | ISe  Widsetedcassa 
Methane. 59.0 31.9 36.8 
Ethane.......... 52.5 | 28.3 32.6 
AA aay weeal ted ' 18.4 21.1 
Gtane. ANG Hentaus,. 356 seF2c:66 SoS tnd os Fa Ge La SEE et Dt 9.3\)5 5 | 5.0, 5.8 
FROXANG; CC oc pnicecas os cede nee xtaens ek sundae asa kis tasaaseernace 3 ghs.2 | 38-2 Hd 5 
otal: ce See with Meda ty ada kate eek 185.3 | 100.0 100.0 
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The quantities of the several paraffins in this gas mixture differ from 
those in the one first described. The latter represented a gas used 
in certain States in immense quantities for domestic and other pur- 
poses; the other represented a casing-head natural gas used in the 
making of gasoline. 


MEASUREMENT OF TEMPERATURES. 


Temperature measurements, made with two pentane thermome- 
ters, agreed closely. The determined melting point of chloroform 
was —62° C., and of carbon disulphide —111°C., and gave — 193° 
C. for the boiling point of fresh liquid air. The true melting point 
of chloroform is —63.7° C.,4 and of carbon disulphide —111.6° C.¢ 


SEPARATION OF ILLUMINANTS IN ARTIFICIAL ILLUMINATING 
GAS. 


NATURE OF EXPERIMENTS. 


In experiments made by the authors on the separation of the 
iuminants in artificial iuminating gas, the Pittsburgh, Pa., gas was 
first tried. This gas is made by mixing 1 part of carburetted water 
gas with 3 parts of coal gas. Separation of the illuminants was 
effected by fractionally distilling the gas in a vacuum at low temper- 
atures, after the method for separating the hydrocarbons of natural 
gas, as outlined in the first part of this report. 


EXPERIMENTS WITH PITTSBURGH GAS. 


At different stages in the analysis the gas was subjected to tem- 
peratures at which certain constituents could be removed by a mer- 
cury pump from certain others that have lower vapor pressures. 
Distillates and residues were refractionated until the separation was 
as nearly perfect as was desired. 


BOILING POINTS OF CONSTITUENTS IN ARTIFICIAL GAS. 


The different constituents of artificial gas are listed below in groups 
according to the different temperatures at which they can be sepa- 
rated. The distillates that can be obtained at a particular tempera- 
ture are shown, as well as the residues; that is, those gases that have 
inappreciable vapor pressures at the temperature given. 


a Henning, F., The fixation of the temperature scale between O°C, and —193° C.; Ann. der Phys., 
vol. 43, 1913, p. 204. 
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Constituents of artificial illuminating qas grouped according to temperatures at which 
they separate. 


CONSTITUENTS THAT SEPARATE AT TEMPERATURES OF LIQUID AIR. 


| Gi 
aThe Boiling ay Boiling 
Distillate. point. Residue. | point. 
i 70: 
MWethune: (Cll s) 553 bn skccsedasaccicoasetes —100.|' Ethane(Csls) 5 cscs icccssectecseecksses — 93 
Nitrogen (N: : =—195 | Propane (C3lls)... — 45 
Oren COs) oa 55.56 ess seanes —1N3 | N-butane (Clty) . 1 
Carbon monoxide (CO)....... ae —190 |) Tsobutane (Cyblig) . — 10°: 
A sdroven (Hs) 65 os cccsa0essanaastagaccss —253 || Ethylene (CH)... . iy —103 
) Propylene (Calls)... ...-eeeee eee =a — Al 
Tsotutylene(C,Hs)@ - 4 
Benzene (Celle) io2.. ie. eecs soc cnencasece sO 
—150° C. TO —140° C. 
| 
Ethylene :(CsWg), g6s5 odeaicercsce soaagsess —103 || Propane (CsH8) oss osccgersscea bepeaseuad | —45 
thane (Cells)... niece ce csivsschusccsseyer — 93 || N-butane (C4Ho). 24 1 
I Isobutane (CyH jo) ss0s0 2.2 ctececassecves —10 
Propylene (Callg)sseccrsts ates cust saint —51 
Tsobutylene (C3Ha)..5 2-605 ise cceeece ds —4 
Behzen6 (CeHy) i oc ceccacesens saws Pocows sO 
| 
—135° C. TO —120° C. 
! i - 
Propane (Css). <2 026 2sccassecrsecsaee ees —45 || N-butane (C4Ho)............-22020222.- 1 
Propylene (C36) << 205202 s3csec80 202 seees —51 |; Isobutane (CyHio). .. —10 
' Tsobutylene (CaHs).. —4 
| Benzene (CeHs). 2.52.20. eects cece cease 8O 
—78° C. 
N-butane (C4Hie) 1 |] Benzene (CeHs)............022.22.020005 80 
Isobutane (C4H)o) aot —10 
Isobutylene (C4Hg)......-------22--2ee ee —4 


@ The boiling point of N-butylene could not be found in the literature. The N-butylene was not separated 
from the isobutylene nor was the N-butane separated from the isobutane, 


COMPOSITION OF THE ARTIFICIAL GAS OF PITTSBURGH. 


The artificial gas of the city of Pittsburgh, Pa., was analyzed by 
ordinary methods on September 1, 1914, with the following results: 


Results of analysis of artificial gas of Pittsburgh, Pa. 


Constituent. Per cent. 
Carbon: dioxide: (CO,): vacsccocesed saebiaesc gi cjedanenainesiaassc 2. 64 
02 91742110, C09) ee ee 2, ae TT Efe ee -81 
TWhamiindtitas: oi. wie cas ooo tiaitaeed pean Baie Coweta Ge bane 8. 67 
Carbon tionoxide (COVA i. 2 os sec ddidcas scien odacnced.acedecsess 13. 34 
Hydrogen (Hy): c¢sescusceaetsae o3 pet leyagere ep au fa soagShES 37. 04 
Methane (CH ie cons2saidocs ds cca eet yaaensnesse dawemtaedeotes 30. 96 
Bthans, (Coby \sssq2220g.soonssaspeeess Se aeae tee se bey SA 1. 82 
Nitrogen (N53). aictetcaea's tiiegaaeea peaks abacelay sia ndeceektaensode 72 


100. 00 
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In making the analysis the carbon dioxide was removed by the 
caustic potash solution, the oxygen by alkaline pyrogallate solution, 
the iuminants by fuming sulphuric acid, the hydrogen by absorption 
in colloidal palladium solution, and the methane and ethane by slow 
combustion, and the nitrogen was determined by difference. 


PROCEDURE IN EXPERIMENTS. 


The gas was subjected to fractional distillation at various low tem- 
peratures in the apparatus shown in figure 1. A description of the 
apparatus and the method of using it will be found on pages 9 to 15. 


FIRST SERIES OF FRACTIONATIONS. 


Figure 4 shows the principal steps in the separation of the gas. 

The original volume of gas taken for analysis was 2,048 c.c. This 
was first freed of the carbon dioxide by passing it through caustic 
potash solution; 53 ¢. ¢c. of carbon dioxide was removed, leaving 
1,995 c.c. The 1,995 c.¢. of gas was then cooled in the bulb } 
(fig. 1), in portions of about 300 ¢. c. at a time, at the temperature of 
liquid air. After the introduction of each 300 ¢. ¢., pumping was 
started and as much of the gas removed as possible. There resulted 
a distillate, a, and a residue, 6. The distillate @ was fractionated at 
the temperature of liquid air, resulting in two more fractions, ¢ and d. 
Fraction d was added to the residue 6, and this part again fraction- 
ated at the temperature of liquid air. The distillate f thus obtained 
was added to the distillate ¢, and this part again fractionated at the 
temperature of liquid air. The residue g thus obtained (10 e. c¢.) 
was added to the residue e and this part again fractionated. There 
resulted a distillate, 7, of 3 ¢. ¢. which was added to the distillate h, 


making a total of 1,782 ¢.c. This first series of fractionations shows 
the general procedure. At the temperature adopted, in this case 


the temperature of liquid air, the gases were repeatedly fractionated 
until no more distillate in sufficient quantity to be of consequence 
could be obtained. Three c.c., the quantity of final distillate ob- 
tained, is only about 0.15 per cent of 2,048 ¢. c., the original quantity 
of gas taken for the experiment. 

The total distillate obtained at the temperature of liquid. air, 
1,782 ¢. c., consisted of those gases that have an appreciable vapor 
tension at that temperature. This fraction consisted of 0.81 per 
eent of oxygen, 13.25 per cent of carbon monoxide, 37.33 per cent 
of hydrogen, 31.13 per cent of methane, and 4.23 per cent of nitrogen. 
It will be observed that the quantities of these constituents check 
well with the quantities of the same constituents found in the original 
analysis of the coal gas by the ordinary method (p. 21). The residue j 
of the first series of fractionations (191.6 ¢. ¢.) should consist of those 
gases and yapors that do not have an appreciable vapor pressure at the 
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Original volume, 2,048 c. c. 
| 


| 
Volume for fractionation, 1,995 c. c. 


LLUMINATING GAS. 238 


COMPOSITION OF FRACTION. 


| 


| rropor- 
A , | tion in 
Fractionated at Carbon di- Constituent. C.¢.) sample, 
—185° C.; pressure, 400 oxide ab- percent, 
to 40 to 0 mm. sorption, = 
| 53.¢.¢....) Carbon dioxide 
| (COs) ........... } 53 2.63 
Residue b Distillate a 
Fractionated at —185° C. 
| al 
Residue d Distillate c 
| 
Hrctiantel at—185° C.; 
pressure, » to0 mm. 
| ait 
Residue ¢ Distillate 7 
I 
Fractionated at —185° C.; i 
pressure, 400 to 
40 to0 mm. 
\ 
A a 
Residue g Distillateh 
lc. c. 1,779 c. c. 
| 
\ 
Fractionated at—185° C.; 
pressure, 2 to 0 mm, 
! 
| seit 
Residue j,191.6c.c,  Distillated 
oti nt —15%° 3e.e. SS Se 
a Oe ve Oxygen (Os). .....] 16.6 +81 
sure, 15 to 0 mm | ee monoxide 
! ‘ GOs cassaake 13.25 
j | 1,782 C. C...- 2... .e ee peuroney (He)... . 764.2 37.33 
. Methane (CH4) ... 637.5 31.13 
Residue Distillate—Fractionated Ni ie Is ) ‘ 
at —155° to —140° C.; ie ra 5 dea aceet kes 
pressure, 15 to0 mm. 
| 
| . 
estes Distillate 
| 
Fractionated at 
—155° to—140° C.; pres- 
sure, 2 to 0mm. 
I itil 
Residue Distillate 
| | 
| 
Fractionated at —155° 
to —140° C.; pressuro, 
15 to0 mm. 
| 
[ 1 
Residue Distillate 
lec 166.5 ¢. c. 
i 
| 
Fractionated at—155° to 
—140° C.; pressure, 0.5 mm. 
EE | a 
| 
Residue 24.4 c. ¢. Distillate 
Fractionated at 0.4 ee. 
—130° to —120° C.; | | 
pressure, 3 to0 mm. j ST RRS TAS Fay ad a 
167 c.¢ (fEthylene (Coy) ..124.0 6.05 
| be fe yee SP ie Fa ee |\Ethane (CyHs). 22.) 43.0 2.10 
Residue Distillate | So (= 
23¢.¢. ZUM Ol Oss sasbccnedevagsevttecosenstevsaLaReid hoe thee bine (CeHs) .| 12.3 60 
Prop:ne (C3Hs)...; 0 8.8 +43 
-| Butylene (CyHs) . -| 2.3. 0.1L 


FIGURE 4.—Diagram showing various steps in fractionation of 
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temperature of liquid air. They are C,H,, C,H,, C,H,. C,H,, C,H,, 
C,H,, and C,H,—in other words, the so-called illuminants of coal gas, 
with the addition of ethane and probably propane. 


SECOND SERIES OF FRACTIONATIONS. 


The residue 7 (191.6 ¢. ¢.) was next cooled at temperatures ranging 
from —155° C. to —140° C., and as much gas as possible removed 
with the mercury pump. Distillates and residues were repeatedly 
fractionated until there was obtained 167.0 ¢. ¢. of gas consisting of 
ethane and ethylene. This fraction was analyzed in two ways, (1) 
by burning some of it with oxygen, and (2) by first removing the 
ethylene with fuming sulphuric acid and then burning the ethane in 
oxygen. The data covering these two methods of analysis follow: 


Results of analysis of ethane and ethylene, 


ANALYSIS BY COMBUSTION, 


Volume of sample taken.............-.----. cubic centimeters... 15.12 
Volume of oxygen added... .......2..... 202-22 e eee eee eee do.... 94.42 
Total volume for combustion.............2....00-ee000- do.... 109. 54 
Volume after combustion...........--..2---2++---+---++---d0.... 78.00 
Contraction from combustion................2..--.20-002- do.... 31.54 
Volume after carbon dioxide absorption................--- do.... 48.27 
Carbon dioxide from combustion....................+--- do.... 29.73 
Mthanes a: hac pas.tocescsccescessamncses ensotea sed percent.. 23.90 
Bthylen@irs ceca sinanney aidtste's oc sie oele ee saae swaarrsiedan « do.... 74.40 
ANALYSIS BY ABSORPTION AND COMBUSTION 

Volume of sample taken...........2......--- cubic centimeters... 34.18 
Volume after absorption in fuming H,SO,..........-....-- do.... 8.85 
Volume absorbed by fuming H,SO,................--.---- do.... 25.33 
Volume of oxygen added...... Pinllcewdondsterns Ooa ates do.... 76. 28 
Total volume for combustion............-.---.+-+-----+-- do.... 85.13 
Volume after combustion........-......2..+-+---22+00--- do.... 64.95 
Contraction from combustion.............2..-.---+-e+-e- do.... 20.18 
Volume after carbon dioxide absorption. ......-.-..--..- do.... 49.02 
Carbon dioxide from combustion..........-..--.--+2++-++- do.... 15.93 
Wthanes cseiecaseccasasieos sesae se seaoreseseedsssces per cent. 23.3 

Mth yleties.< sae sthe'aags, 25.09 eAsiee Sed ehr ts tisk Ssacscrisey do.... 74.1 


The percentages of ethane and of ethylene, as found by the two 
methods of analysis, check well, showing that other gases were not 
present in the distillate in significant amounts. The two percentages 
for each gas as found above were averaged and calculated to per- 
centage of the original coal gas. 


THIRD SERIES OF FRACTIONATIONS. 


After the removal of the ethane and ethylene there remained 24.4 
ce. c. of gas, which was fractionated at temperatures ranging from 
—130° C. to —120° C. The distillate, 21.1 ¢. ¢., was analyzed by 


Google Ee ln ee 


SEPARATION OF ILLUMINANTS IN ARTIFICIAL ILLUMINATING GAS. 25 


burning it in oxygen, measuring the resulting contraction and the 
carbon dioxide absorption and calculating the results to propane 
and propylene. This method does not isolate the gases and hence 
does not show that this distillate contained no gases other than 
propane and propylene. In the experiments on the separation of 
the paraffin hydrocarbons in natural gas, however, it was found that 
propane could be separated from ethane at temperatures between 
—130° C. and —120° C. The boiling point of propylene is very 
close to that of propane, and the boiling point of ethylene does not 
differ much from that of ethane, hence it was assumed that propy- 
lene and ethylene would respond to the same treatment as propane 


and ethane. 
FOURTH SERIES OP FRACTIONATIONS. 


After the propylene and propane had been removed there remained 
a residue of 2.3 ¢. ¢., only 0.11 per cent of the original quantity, 
2048 c. c., of gas. This residue was burned in oxygen and the data 
for the contraction and carbon dioxide absorption calculated to 
butylene. The observed data follow: 


Results of analysis of butylene residue. 


C.c. 
Volume taken for analysis.............22-...-- 2222-22-22 eee eee eee 2.3 
Volume of oxygen added ...............-2- 2.2222 eee eee eee 93. 81 
Total volume for combustion...............2-2-2.2--2-2+2-0-ee- 96. 11 
Volume after combustion..............-.-22--2-2-2--+22---+2000- 90. 53 
Contraction from combustion............-......----------------- 5,58 
Volume after carbon dioxide absorption.......-......---..------- 82.86 
Carbon dioxide from combustion...............--..--------+--- 7. 67 


The equation for the reaction of butylene with oxygen is as follows: 
C,H, +60,=4C0,+4H,0 


According to this equation a contraction of 3 volumes and a 
carbon dioxide absorption of 4 volumes result when a given volume 
of butylene reacts with oxygen. The volumes for contraction and 
carbon dioxide obtained in the above analysis, 5.58 c. ce. and 7.67 ¢. ¢., 
are almost in the ratio of 3:4, the discrepancy being within the allow- 
able error in making the analysis; hence the data were calculated to 
butylene. The quantity of gas from which the butylene is computed 
was so small that there might easily have been a trace of butane 
present. However, this quantity as compared to the original 
volume was only 0.11 per cent, so that the butane content, if any, 
was practically insignificant. Benzene should have appeared in 
this last fraction, but as it did not satisfactorily it was determined 
from a separate quantity of gas. 

The volume of gas from the various fractions, exclusive of the 
benzene, was 1782+167+21.14+2.3 ¢. ¢., or 1972.4 ¢ ¢. The pro- 
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portion of benzene in the gas, as found by a separate analysis, is 
1.33 percent. Then 1.33 percent of 2048 
ec. c. equals 27.2 ¢. c., so that the com- 
puted volume of constituents recovered 
is 1972.4 ¢. c. plus 27.2 ¢. ¢., or 1996.6 ¢. 
c., which is within 1.6 c. c. of the quantity 
(1995 c. c.) that was fractionated. Con- 
sidering the number of times the different 
fractions of gas were handled and meas- 
ured in the fractionation analysis, this 
result is not a bad check on the operation. 


DETERMINATION OF BENZENE. 


For the benzene determination asepa- 
rate quantity of gas was used, as previ- 
ously stated. In this analysis use was 
made of amethod suggested by Dr. G. A. 
Hulett, consulting chemist of the Bureau 
of Mines, for the determination of water 
vapor in air. Hulett suggested that 
the sample of air, with its moisture, be 
cooled at the temperature of liquid car- 
bon dioxide, the air removed with a mer- 
cury pump, and the water vapor deter- 
mined, after removal of the cooling me- 
dium, by measuring its pressure. The 
principle was readily applied to the deter- 
mination of benzene in iduminating gas. 

The procedure adopted was as follows: 
The gas was freed of carbon dioxide and 
introduced into the liquefaction bulb 
b (fig. 5), cooled at a temperature of 
—78°C.,¢ and as much gas removed with 
the pump as possible. The phosphorus 
pentoxide in bulb ¢ removed the water 
vapor. The stopcock a on the bulb was 
then closed and the Dewar flask contain- 
ing the cooling medium removed. The 
condensed liquid in the bulb b was then 
vaporized and its pressure read on the 
manometer d. From this pressure and 


Glass wool and P2 Og 


Figure 5.—Apparatus for the deter- EY 
mination of benzene in artificial illu- the original pressure of the gas was cal- 


inating gas. : 
ea a culated the percentage of benzene in the 


gas. Theresults of two determinations are shown in the following table: 


@ Readily obtained by mixing solid carbon dioxide with acetone. 
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Results of two determinations of benzene in illuminating gas. 


eine Partial Tlluminants 
Origin’ ressure found in Calcula. 
. Pressure | of benzene | distillate wcula- | Benzene 
Test. of gas vapor percentage tion of in gas. 
(mm. of (mm of oforiginal benzene. : 
mercury). | mercury). gas. 
| | Per cent, 
NG his. s::02) se saysichanvracsatesnceies 744 10 7.32 = 1.34 
| ‘ 
NO 2652. utoes, sa. 2a sb ache em geee 744 | 9 7.39 | 9X100 1.31 
| | 944 


The total content of iluminants in the artificial illuminating gas 
of Pittsburgh was determined by the ordinary method of combustion 
and absorption in fuming sulphuric acid to be 8.67 per cent (p. 21). 
In making the benzene analyses the distillate from the benzene 
determinations was analyzed by absorbing the remaining illuminants 
in fuming sulphuric acid. There was removed from the distillates 
7.32 and 7.39 per cent, respectively, of the original volumes of gas 
taken for the analyses. These percentages plus those of the benzene 
found, 1.31 and 1.34 per cent, equal 8.66 and 8.70 per cent, the 
average being almost identically the same as the quantity of total 
iluminants found in the gas by previous analysis. 

Benzene reacts with oxygen as follows: 


(4H, +7.5 0,=6C0,4+-3HO 


For a given quantity the contraction is 2.5 volumes and the carbon 
dioxide absorption is 6 volumes. The following data show the results 
of an analysis of the residual vapor that was held in the liquefaction 
bulb (fig. 1) when the gas was cooled at a temperature of —78° C. 
Before analysis the benzene vapor was diluted with air. 


Analysis of benzene vapor. 


Item, C.e. 
Volume taken for analysis..........2...0025 52 5s0cscseeseecesceus 28. 29 
Volume: oftoxypetadddd..sscschecescnatscet Spetescdpeeicdinn bse 51. 94 
Total volume for combustion.................2.-0222220- eee eee 80. 23 
Volimé alter com bitoni w1c256.2205 ngs othe sabe uae lane esse 75. 47 
Contraction from combustion................2..-.2 22.222 e eee eee 4.76 
Volume after carbon dioxide absorption.............2...-2.-.---- 64.25 
Carbon dioxide from combustion.........2...--2..22.2-2e2e eee 11. 42 


The ratio between the carbon dioxide absorption and contraction 
is almost exactly 6:2.5, showing that the vapor contained in the de- 
termination was benzene. Traces of other easily condensible vapors 
may have been present but apparently these, if present, were in such 
small quantity as to be negligble. The vapor pressure of benzene 
at —78° C. was not ascertained, but apparently it is very small. 
Benzene boils at 80° C. and 760 mm. pressure; at — 20° C. the tension 
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is, according to Regnault, 5.76 mm.? The authors prepared satu- 
rated vapors of benzene by shaking pure benzene in a container with 
dry air. It was a simple matter to prepare unsaturated vapors by 
diluting the saturated vapors with air. The quantity of benzene 
vapor in the air was checked by combustion analysis. 

A number of tests were made to determine the saturation limits of 
benzene in air for different temperatures by the method just described. 
It was found that at —78° C. all of the benzene could be separated 
from the air. Analyses of the distillates and residues were made to 
ascertain whether that at the temperature of — 78° C. all of the ben- 
zene remained in the liquefaction bulb. 

The foregoing method, therefore, seems to be well adapted for 
determination. A mercury pump, a liquefaction bulb, a gas burette 
for introducing the gases, and a Dewar flask for holding the refrigerant 
are required. A temperature of —78° C. can easily be obtained by 
mixing with acetone or alcohol the carbonic acid snow from com- 
mercial tanks. The gas does not have to be even measured; all 
that is necessary is to introduce the gas into the liquefaction bulb at 
atmospheric pressure and then read the barometer. 


COMPLETE ANALYSIS OF PITTSBURGH ILLUMINATING GAS. 


The results of the complete analysis of the artificial gas used in 
Pittsburgh, as found by these methods, were as follows: 


Results of complete analysis of Pittsburgh gas. 


Constituent, Formula.) Per cent Constituent. | Formuls.| Per cent. 
Carbon dioxide..... chaaeeeae a , GB Btbslenes. cca sais. acapacals agave Maas ce 6.05 
Oxygen... «2.2: .f Propylene «| C2 60 
Carbon monoxide Buitylene.5.45-.0s.a sf CeIn. oes eo 
Hydrogen....... 3 || Benzene..........-.. Ft ta Sy 1.33 
Methane....... INGO RON os neons cs sv cuaww'siveees N 4.23 
Ethane........ 
PIOpAne......2-seccedenecceces 100. 00 


INCOMPLETE ANALYSIS OF A DIFFERENT SAMPLE OF THE GAS. 


The analysis of another sample of this gas, collected about seven 
weeks before the one already given, is presented here to show the 
marked uniformity of the gas. The benzene was not determined in 
this analysis, because at that time the method had not been perfected. 


Results of analysis of earlier sample of Pittsburgh gas. 


| 


Constituent. Formula.) Per cent. Constituent. Formula.) Per cent, 


Carbon dioxide 2.40 1.92 
OZXV PON a scsdes 61 82 
Carbon monoxide 13. 63 6.36 
Hydrogen 37.13 7 


Methane......... “Hy... 30.92 
| 


@ Landolt and Bomstein, Physikalish-chemische Tabellen, 1905, p. 143. 
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HEATING VALUE OF THE ILLUMINANTS IN THE GAS. 


In calculating the heating value of artificial luminating gas from 
an ordinary analysis the value assigned to the illuminants is usually 
only an approximation, because their constituents have not been 
exactly determined. By means of the method described in this pub- 
lication, the exact composition of the illuminants can be determined. 
The heating value calculated from the complete analysis is given in 
the following table: 


Heating value of illuminants in artificial gas of Pittsburgh. 


B. tou. 
percubie | Quantity 
oe foot (at in one Heating 
Constituent. 0°. and | cubic foot | value, 
760 mm. of gas, 
pressure).@ 
| 
Cubic foot. B.t.u. 
Bthiyloties s cssccvedsatsasseay ace se esancgsst season avs taaseess se scca ke 1,673 0.0005 101. 21 
Propylene.........-. 2,509 0060 15. 05 
Butylene... 2oxs 3, 265 -OO1L 3.59 
Benzene..... 2.2... 4,012 0133 53. 36 
PROPER 6o.ca Ac chia ton kveses oSaskigas cdeua Ceci par tore reeassasseaiers 2, 654 O35 9. 29 
.OS44 182, 50 


2Calculated from values found by Thomsen, which are given in large calories per gram-molecule in 
Landolt and Bérnstein, Physikalish-Chemische Tabellen, 1905, p. 425, 


According to the above calculations, the illuminants have a heating 
182.50 xX 100 
844 
per cubic foot. The authors have included propane in the illumi- 
nants ordinarily determined by absorption in fuming sulphuric acid 
because propane dissolves somewhat in the acid, just how much is not 
known. Methane and ethane are slightly soluble,¢ and unquestionably 
propane is much more so, because the higher paraffins are more soluble 
than the lower ones. If the propane be excluded the heating value of 
173.2 x 100 
~ 8.09? 
at 0° C. and 760 mm. pressure. 


value, at 0° C. and 760 mm. pressure, of ,or 2,162 B. t.u. 


the illuminants becomes or 2,141 B.t. u. per cubic foot, 


COMPOSITION OF THE ILLUMINANTS IN CARBURETTED WATER GAS AND 
COAL GAS. 


In making the illuminating gas used in Pittsburgh 1 part of car- 
buretted water gas is mixed with 3 parts of coal gas. The following 
experiments show the composition of the illuminants in the car- 
buretted water gas and of those in the coal gas. The method of 
separating the illuminants was the same as that used in separating 
the illuminants in the mixed gas. 


2 See Burrell, G. A., and Seibert, F, M., The sampling and examination of mine gases and natural gas 
Bull. 42, Bureau of Mines, 1913, p. 47. 
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COMPOSITION OF THE COAL GAS. 


The composition of the illuminants in the coal gas before mixing 
with water gas is given in the table following. Column 1 shows the 
constituents in the gas as determined by the ordinary method and 
column 2 as determined by the fractionation analysis: 


Composition of coal gas. 


. 


By 
eae ’ By frac- 
Constituent, ordinary ; 
| analysis. tionation. 


Per cent, Per cent, 
14 1. 


Carbon monoxide (C 
Ilydrogen (H:). 
Methane (CTI,). 
Ethane (C2H¢). 
Whaminante 7 sc aeesuces temon sis sfustehiat'aisag We siew's ay 

Eth plone (Coby) ret 528 isda cumwgsaesbavesse wersys areas arent apede nice 

Propylene (CyH¢). sss geccsabssc ccess sesGudecvae he se wtawe sence oaassgens 

Butylatie (Cy Hey sad tasks cence ce dined tag iitadstaneetuasecb ss setedees Se 

ten e (Cs 0). omc occ Ree nae sce Swe he dee Rec aw ie ee aneaicocepemetactel yee 

Propane (Cela er 2st secads waa piss udcS sans sgetes onaste tenes Daas wes ‘ 

Vapor having an inappreciable pressure at —78° C... 22... cen cee eee ee cee . 
Nitrogen (Nae Ne are ngs b4 av caectewerascseecinaded pigs og iwieg TF alan aed Rada a ees bg Gs 4.0 3.5 


@ Less than 0.1. 
b Determined by difference. 

In the analysis of the mixed coal and water gas, the vapor that had 
no appreciable pressure at a temperature of —78° C. was carefully 
examined, and was found to be benzene within the error of making the 
determination by combustion analysis. In the above analysis, this 
examination was not made, hence the notation is simply as given in 
the table. The 1.4 per cent of vapor represents that which had an 
inappreciable pressure at —78° C. Benzine undoubtedly predomi- 
nates, probably to the exclusion of all except traces of other easily 
condensible vapors. 

The total percentage of illuminants as determined by fractionation, 
3.9 per cent, is the same as was obtained by absorption in fuming 
sulphuric acid. 


COMPOSITION OF THE CARBURETTED WATER GAS. 


The composition of the carburetted water gas is shown in the table 
following. Column 1 shows the constituents as determined by ordi- 
nary analysis, and column 2 as determined by fractionation. 
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Composition of the carburetted water gas. 


| By 
Constituent. ordinary 
analysis. 


By frac- 
tionation. 


Percent, Per cent. 
4. . 


Carbon dioxide (CO:) 
Oxygen (Os)... 
Carbon monoxic 
Hydrogen (Hz). 
Mothane (CH) ss 5 acceso 34 csain Boas Aide shS ages o0 job o's aed s 
Ethane, (CaHa)secsscpscg cee cas csuss yey ryeeet a6 ss see tge vais as 
MMMmNaNnte’, 2035 vs ss sb ss skise seis 2 ese atedso anaes aananecoeesattas 
Propane (CiHs) o25 508 tc esc ers. eee os 54 Siete Seay eed Ieee T AAG 
Ethylatio(CeHahsieitstopencssssec scence dep vee dees oes s swades 
Fropylene:( Cale): acwss ccs cade tatadsncers pe ssgaee chebadien 
Butylene (Oi Ha) <2.s.- 235-0352 cme05 555550 saape52 eas 088 Fae 

Vapor having an inappreciable pressure at Dyas ease seeee ' 
Nitrowan:(Ng) bo) scccccsacdssensetoedesassedsen ee te er ers Ce 


a Samples contained about 2.5 per cent of oxygen as received at the laboratory, due no doubt to faulty 
pamplin ;_the results have been calculated to an air free basis. 
+ By difference. 
The proportion of illuminants, as determined by absorption in 
fuming sulphuric acid, was 15.9 per cent, and as determined by frac- 
tionation was 16.1 per cent. 


RELATIVE PROPORTIONS OF ILLUMINANIS IN THE COAL GAS, THE WATER GAS, AND 
THE MIXED GAS, 


The proportions of the various hydrocarbons that constitute the 
iJuminants in the artificial gas of Pittsburgh is as follows: 


Proportions of hydrocarbons that constitute the illuminants. 


| narettea| ExG3,co2! 
er | wag jC arburett and car- 
Constituent. | Coal gas. | water gas. | buretted 
water gas, 
| Per cent. Per cent. Per cent. 
Bthyleme'(CsHe)s 2... cassie phase esis pececasths<ceverkeecawssasiewe B.S 60.9 71.5 
Propylene (Coie) fre Pee ete a 7.7 17.4 7.2 
Butylene ( sO) ee ree 2. 10.6 1.2 
Propane (C3Hs)..............- 18 4.6 
Bintane (Gg rioles.st SaStelsacchan cic csp ceseguwe at shoes ie erteelstessa tect alenlhaawioces deel cece sengsees 
Benzene (CsHe), or gases held at —78° C 9.3 15.5 
100.0 100.0 


Ethylene and other olefine hydrocarbons are shown to be present 
in the largest proportion. 


EXPERIMENTS WIT GAS SUPPLIED TO NEW YORK CITY. 


Artificial gas used in New York City was also analyzed by the 
“fractionation methods. In separating the gases a more rapid method 
of fractionating was used than in previous work. 
In former experiments the authors refractionated a particular 
fraction until the gases obtained were analytically pure. The same 
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procedure was followed in fractionating coal gas. At the tempera- 
ture of liquid air, the first fraction consisted of methane, nitrogen, 
carbon monoxide, hydrogen, and oxygen with a little ethane and 
ethylene, and the residue contained some of the five gases first men- 
tioned. Hence the distillate and residue were refractionated until the 
gases were free from ethane and ethylene and the residue contained 
none of the five gases. 


PROCEDURE IN TESTS. 


The procedure adopted in analyzing the New York City gas is faster 
and more economical in the use of liquid air. In the case of coal 
gas, for instance, first as much gas as possible is removed at the 


Original volume, 


007.6 ¢. c. 
Volume left for fractionation, Volume of carbon dioxide removed, 
975.3 e.¢. 32.3 c. ec. 
Liquefied at temperature of liquid air. 
Distillate A, Residue, 157.9 ¢.¢., 
817.4¢. ¢. liquefied at —140° C, 
Distillate B, Residue, 51.4¢.¢., 
106.5 ¢. ¢. liquefied at —120° C 
Distillate C, Residue, 26.1 ¢. ¢., 
25.3 ¢. c. liquefied at —7s° C. 
Distillate D, Residue, 
13.8 ¢. ¢. 12.3 ¢.¢. 


Figure 6.—Diagram showing results of first four Cistillations. 


temperature of liquid air, yielding a fraction A. The residue is sub- 
jected to distillation at a temperature not higher than — 140° C., 
yielding a distillate B, then at a temperature not higher than —120°C., 
resulting in a distillate C, next at a temperature not higher than 
—78° C., forming a distillate D. The four fractions thus obtained, 
A, B, C, and D, each contain some gases that belong properly to 
other fractions and must be purified by further fractionating. As 
each distillate was obtained it was removed from the pump and 
transferred to another container, the residue being left in the lique- 
faction bulb. For instance, after the first distillate was removed (at, 
the temperature of liquid air), the liquid air was removed and the 
bulb surrounded with light gasoline of a temperature not higher 
than — 140° C., and so on. 
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In fractionating the artificial illuminating gas of New York City 
the original volume of gas taken for analysis was 1,007.6 c. c., from 
which 32.3 c. c. of carbon dioxide was removed by caustic potash, 
leaving 975.3 c. c. for fractionation. 

The method of obtaining the first four distillates A, B, C, and D, 
is clearly shown in figure 6. Distillate A was reliquefied at the tem- 
perature of liquid air and the distillate from it removed. The residue 
which was very small, was left in the liquefaction bulb and distillate 
B added to it. This mixture was then refractionated at a tempera- 
ture not higher than —140°C. The distillate and residue so obtained 
were both refractionated again, because the pressure manometer 
showed that one fractionation was not enough. The residue from 
the last fractionation was left in the liquefaction bulb and the distil- 
late C added to it, and so on. The last residue obtained at —78° C. 
was allowed to evaporate at room temperature and its pressure read. 
Previous experiments had shown that at —78° C. practically the 
only gas remaining in coal gas is benzene. 


RESULTS OF ANALYSIS. 
The results of the analysis were as follows: 


Results of analysis of New York City tiluminating gas. 


Constituent. learnt Per cent. | Constituent. Formula.| Per cent. 


| Ethylene 


| 

Carbon dioxide. | .| CyHy.... 9.8 
Oxygen........ ..|| Propylene. -| CsHe. 2.7 
Carbon monoxid : || Butylene.. .| CyHe. 1.6 
Hydrogen...... Benzene... CeHe. 1.5 
Methane........ a | (NitroPenons dey ide saa es ees aea NG oae~s 1.7 
Ethane. (sccaisssoesbseeeteges ¥ 

RHOpanesescct asses totes aches | ¥ 100.0 


SEPARATION OF ETHANE AND ETHYLENE. 


Some experiments were made in separating ethane and ethylene 
by fractional distillation in a vacuum at low temperatures. In the 
experiments previously cited the gases separated have widely different 
boiling points. Some of the constituents were obtained in pairs, for 
instance, ethane (boiling point — 93° C.) and ethylene, (boiling point 
—103° C.) were not separated, neither were propane (boiling point 
—45° C.) and propylene (boiling point —51° C.). The mixture of 
ethane and ethylene was burned in oxygen, and from the carbon 
dioxide absorption and contraction produced, the percentage of each 
was calculated. The propane and propylene were determined in a 
similar manner. 

In order to learn something of the limitations of the fractionation 
method of separating gases, for instance, the tediousness of separating 
ethane and ethylene (boiling points only 10° apart) in a mixture 
containing a large percentage of each, further experiments were made. 
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EXPERIMENTAL PREPARATION OF ETHANE. 


Ethane was prepared by the electrolysis of a saturated solution of 
sodium acetate, the carbon dioxide evolved with the ethane being 
removed with caustic potash. Air or other gases, trapped with the 
ethane were removed by fractional distillation in a vacuum at temper- 
atures ranging from that of liquid air to —120° C. 


PREPARATION OF ETHYLENE. 


Ethylene was prepared by heating ethyl alcohol and sulphuric acid 
together at a temperature of 160° C. and was purified in the same way 
as the ethane. The purity of the two gases was determined by com- 
bustion analysis. 


VAPOR PRESSURE OF ETHANE AND ETHYLENE. 


It was first necessary to determine the temperatures at which the 
separation could be effected, that is, temperatures at which the partial 
pressures are such as to permit ethylene being removed, by enough 
fractionations, all of the ethane being finally left behind. At a tem- 
perature of — 165° C. ethane has a vapor pressure of 1 mm. of mercury, 
and ethylene has at the same temperature a vapor pressure of 2 mm. 
At —170° the vapor pressure of ethylene was found to be 1 mm., 
whereas the manometer did not register any pressure for ethane. 
In determining these vapor pressures temperature readings were 
made with a pentane thermometer, which had been calibrated at 
four points. Pressures were registered with a mercury manometer 
provided with a scalo graduated in millimeters.¢ The vapor pres- 
sures obtained showed that the separation could probably be accom- 
plished at a temperature of —170° C. or slightly higher. 


SEPARATION OF THE TWO GASES. 


The two gases were mixed in equal proportions, 92 c. c. of ethane 
and 92 c. c.,of ethylene. The fractionation was first tried at tem- 
peratures close to —170° C., but so much ethylene was present, its 
removal was so slow, and so much difficulty was experienced in main- 
taining a constant temperature for a long time, that higher tempera- 
tures and a wider range were employed in order to make an approxi- 
mate separation. Hence, the first fractionations were made at tem- 
peratures of — 160° to —155° C., the second at —165° to — 155° C., the 
third at —168° to —165° C., and the last ones at —170° to —168°C. 
The various steps in the process are indicated in figure 7. 


—-¥ 
a These vapor pressures, as wellas those for propane, propylene, butane, butylene, acetylene, and carbon 
dioxide, will be published in another report of the Bureau of Mines, 
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Original volume, 184 c. c. Temperature, —160° to —155° C. 


| 
Residue Distillate (A) 
54¢. ¢. 


—160° to —165° to 
—158° C. 155°C. 


| 
| | 
Residue Distil- Residue Distillate 
c. 40 c. c. 


60 c. ¢. late (B) l4c. 


eA —————_—— 
Resktue Distil- 84¢. ¢. Bake Distillate 
9.0 c.¢e. late (C) —165° to 6c. ¢. 


60c. c. —155° C. —165° to 


19 c.c. late 2c. ¢. 32¢.c. 6.8¢.¢. 
yaa ee for 
analysis, leay 
mien 


| 1 | | / 5 
Residue Distil- Residue Distil- Residue Distillate 
3le.e. late 6c.c. late 0.2 c. c. 


| 
54. ¢. 67 ¢. ¢. Residue Distillate 
—165° to —165° to 0.0 C. ¢, 


25¢. ¢. 
: Ethylene (F). 


| . 
Residue Distil- Residue Distitate 


39.¢. ¢. late 2ac. 65e.c. 9.7 ¢. ¢. 
| 15c. ¢. taken out for 

analysis, leaving 
55.3 ‘i e. 


allt I 
70 ¢. ¢. 17 ¢. ¢. 55.5 ¢. ¢. 
—165° to —165° to 
est c. = Cc, 


aa] pa, 
Residue Distillate Residue Distillate 
| 12 ¢. ¢. bec. O5¢.¢. 55.0. ¢. 


| | I 
Total residue (D) 5.5 Cc. C. 55.0 c. c. 
82¢. ¢. 
Ethane. —165° C, 


i——S 
6.0c.¢c.(E). Residue Distil- 
| 0.5 c. 


| 
88.0 c. c. 


88.5 a c. freaks Distil- 

0.0 ¢. c. late (G) 
54.0 c. ¢. 
—170° to 
yy Ci 4 


| | 
88.5 ¢. c. 79 ¢. ¢. 
Ethane. Ethylene. 
FIGURE 7.— Diagram showing steps in separation of ethane and ethylene. 
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FIRST SERIES OF FRACTIONATIONS. 


The 184 c. ¢. of ethane and ethylene was fractionated at tempera- 
tures of —160° to —155°C. The volume of distillate obtained was 54 
e.c. This is designated as ‘Distillate A’’ in the diagram, figure 7. 
The residue from this distillation was refractionated at —160° to 
—158°C., yielding 70 ¢. c. of distillate B. The residue from this second 
distillation was refractionated at —158° to —155° C., and there was 
obtained 60 c. c. of distillate C. No residue was left. 

At any of these temperatures all of the gas could be removed as a 
distillate in a comparatively short time by continuing the pumping. 
The object was simply to divide the original sample into several frac- 
tions, each containing considerably more of one constituent than the 
other so that an excessive amount of gas would not have to be 
removed at lower temperatures, where the distillation proceeds more 
slowly. 

SECOND SERIES OF FRACTIONATIONS. 


The first distillate (A) of 54 c. ¢. was refractionated at temperatures 
ranging from —165° to —155° C., yielding a distillate of 40 ¢. e¢. 
To the residue of 14 ¢. c. was added distillate B (70 ce. ¢.), and this 
84 c. c. was distilled at —165° to —155° C. It yielded 65 c¢. ¢. of 
distillate and 19 ¢. c. of residue. To this residue was added dis- 
tillate C (60 ¢. ¢.), making 79 ¢. ¢., which was distilled at tempera- 
tures ranging from — 165° to —155° C.; 45 ¢. ¢. of distillate and 31 
c. c. of residue were obtained. 


OTHER FRACTIONATIONS. 


In all, 18 fractionations were made, and there was finally obtained 
88.8 c. c. of ethane and 79 ¢. ¢. of ethylene. Two portions, one of 
6.8 c. c. and one of 9.7 ¢. ¢. (total 16.5 ¢. ¢.) had been removed during 
the fractionation as shown in figure 7, in order to determine by com- 
bustion analysis the purity of the fractions. In each case the sepa- 
ration was found to be incomplete. If this portion, 16.5 ¢. ¢., be 
added to the final volume of ethane, 88.5 ¢. ¢., and the ethylene, 79 
c. ¢., the result is 184.3 ¢. ¢., which is almost in agreement with the 
original volume taken, 184 ¢. ¢. 


PURITY OF THE FRACTIONS. 


Analyses of some of the fractions are given below to show their 
purity. The fractions were burned in oxygen and the percentage of 
each constituent calculated from the contraction and carbon dioxide 
absorption. 

ANALYSIS OF THE ETHANE FRACTIONS, 

Three analyses were made of the residue D (fig. 7). The total 
quantity of gas, ethane, collected at this point was 82 ¢.¢c. The data 
show the purity of the ethane. 
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Results of three analyses of residue D, ethane. 


Item. Analysis 1.| Analysis 2.| Analysis 3. 


Volume of gas taken for analysis......-.......-.--222eeeeeeep ee eeeee 
Volume of oxygen added ............ 
Total volume for combustion........ 


Volume after carbon dioxide absorption . . 
Carbon dioxide from combustion... 
Ethane calculated from contraction a 
Ethane calculated from carbon dioxide absorption........-... 


According to the reaction, C,H, +3.50,=2CO,+3H,0, there re- 
sult two volumes of CO, and a contraction of 2.5 volumes when a 
given volume of ethane reacts with oxygen. The results show that 
the observed data correspond well with the theoretical equation. 

The results of an analysis of the distillate designated E in the 
diagram (6 c. c. of ethane) were as follows: 


Results of analysis of distillate E, ethane. 


Item. C.e. 
Volume of sample taken for analysis...................2---2.-- 6. 00 
Volume of oxygen added i.:. 2:02. .ccc. cess cee desdeteseeenscons 75. 43 
Total volume for combustion:..22.1....2.-.c9+000tess8-deeese08 81. 43 
Volume after combustion... ..........2. 2.020 ee ceee ec cseeeceeaes 66. 43 
Contraction from combustion.................---.-.--2-+--0+2-- 15. 00 
Volume after carbon dioxide absorption...................------ 547.1 
Carbon dioxide from combustion..................----++---+-- 11.72 
Ethane calculated from carbon dioxide absorption. .........-...- 5. 88 
Ethane calculated from contraction..................--200-+-00- 6. 00 


ANALYSES OF THE ETHYLENE FRACTIONS. - 


The following two analyses were made of the ethylene distillate 
(25 c. c.) denoted F in the diagram: \ 


Results of two analyses of distillate F’, ethylene. 


Item. Analysis 1.} Analysis 2. 
Cre. Cad, 

Volume .of sample taken for analysis! .. «ccs cascsseieeesea'gas desis soceesiésleseccsg 9, 20 
Volume of oxygen added. ............2.2...--4- 43.76 
Total volume for combustion.............-.-.-. 52.96 
Volume alter combustion...............22..-055 34.87 
Contraction from combustion.........-...2.+----- 18. 09 
Volume after carbon dioxide absorption. ......... 16, 70 
Carbon dioxide from combustion.............-- 18. 17 
Ethylene calculated from contraction. ..........-..- 9.05 
Ethylene calculated from carbon dioxide absorption 9,08 


According to the reaction C,H, +30, =2CO,+ 2H,0, there result 2 
volumes of carbon dioxide and a contraction of 2 volumes when a 
given quantity of ethylene reacts with oxygen. The results for the 
carbon dioxide absorption and the contraction, in the foregoing 
analyses, correspond with this reaction. The ethylene was not 100 
per cent pure, however, probably because of a trace of air, although 
unfortunately this point was not determined. 
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The results of an analysis of the distillate G, 54 c. c., were as 


follows: 
Results of analysis of distillate G, ethylene. 


Item. Ce 
Volume sample taken for analysis..............-..-------..--22-- 19. 55 
Voliime:.of Oxygen sddeds. 5.00.0. tows neces so dda s ers Se dieadins 73. 18 
Total volume for combustion....................-2.---------0+-- 92. 73 
Volume after combustion.................2-200.20000200020005- 53. 81 
Contraction from combustion. ...................--..----.--..--- 38.92 
Volume after carbon dioxide absorption....................-..... ‘14. 82 
Carbon dioxide from combustion.................-.-..-----.--- 38. 99 
Ethylene calculated from contraction............2..2..2..0-..-- 19. 46 
Ethylene calculated from carbon dioxide absorption............. 19. 50 
CONCLUSIONS. 


Although in this experiment the separation of ethane and ethylene 
was complete within the error of making the analyses, the work 
involved is too tedious to be entirely satisfactory when each gas is 
present in considerable quantity. The ease with which gases having 
widely different boiling points are separated is in sharp contrast 
with the difficulty of separating ethane and ethylene. 


SUMMARY. 


This paper describes a method of separating natural gas into its 
paraffin hydrocarbons. Methane can be removed at the temperature 
of liquid air and the ethane separated from the propane, butane, etc., 
at temperatures ranging from —150°to — 140°C. The propane is sepa- 
rated from the higher paraffins at temperatures ranging from -— 135° 
to —120°C. The method, although somewhat involved, is the only 
known method applicable to the separation of some hydrocarbons. 

A method of separating the illuminants in coal gas is also described. 
The methane, hydrogen, carbon monoxide, nitrogen, and oxygen are first 
removed at the temperature of liquid air, the ethane and ethylene are 
removed at a temperature not higher than — 140° C., the propane and 
propylene are removed at a temperature not higher than — 120°, leaving 
the butylene, butane, and benzene as aresidue. The benzene can be 
separated from the butane and butylene at a temperature of —78° C. 

Benzene can be simply and quickly determined in coal gas or other 
mixtures by removing the carbon dioxide and water vapor, cooling 
the mixture at a temperature of —78° C., withdrawing the other 
gases at this temperature, and finally, after the refrigerant has been 
removed and the benzene vaporized, reading the vapor pressure on a 
mercury manometer. 

Ethane and ethylene, whose normal boiling points are only about 
10° C. apart, can not be satisfactorily separated by liquefaction and 
fractionation because of the tediousness of the operation. 

By liquefaction and fractionation gases may be prepared in a con- 
dition of exceptional purity. 
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